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The hadronic decay widths and some ratios of branching fractions of the newly observed charmed
strange baryons, Ξc(3055)
0, Ξc(3055)
+ and Ξc(3080)
+ are calculated in a 3P0 model. In the cal-
culation, they are considered as 34 kinds of D − wave charmed strange baryons. Among these
assignments, Ξc(3055)
+ is very possibly a JP = 5
2
+
Ξˆ′c3(
5
2
+
) or Ξˇ2c3(
5
2
+
). In these two assign-
ments, Ξc(3055)
+ has the total decay width Γ = 10.1 MeV and Γ = 7.6 MeV, respectively.
The predicted ratios Γ(Ξc(3055)
+
→ ΛD+)/Γ(Ξc(3055)
+
→ Σ++c K
−) = 3.39. Ξc(3055)
+ is
also very possibly a JP = 7
2
+
Ξˆ′c3(
7
2
+
) or Ξˇ2c3(
7
2
+
). In these two assignments, Ξc(3055)
+ has
the total decay width Γ = 9.7 MeV and Γ = 6.3 MeV, respectively. The predicted ratios
Γ(Ξc(3055)
+
→ ΛD+)/Γ(Ξc(3055)
+
→ Σ++c K
−) = 5.91 or 6.04. As a isospin partner of Ξc(3055)
+,
Ξc(3055)
0 is also very possibly a JP = 5
2
+
Ξˆ′c3(
5
2
+
) or Ξˇ2c3(
5
2
+
). In these assignments, Ξc(3055)
0
has the total decay width Γ = 10.9 MeV and Γ = 7.0 MeV. The predicted ratios Γ(Ξc(3055)
0
→
ΛD0)/Γ(Ξc(3055)
0
→ Σ+c K
−) = 4.24 or 4.20. Ξc(3055)
0 is also very possibly a JP = 7
2
+
Ξˆ′c3(
7
2
+
)
or Ξˇ2c3(
7
2
+
). In these assignments, Ξc(3055)
0 has the total decay width Γ = 10.3 MeV and Γ = 7.1
MeV. The predicted ratios Γ(Ξc(3055)
0
→ ΛD0)/Γ(Ξc(3055)
0
→ Σ+c K
−) = 7.47 or 7.56. The
results agree well with recent experimental data from Belle. Ξc(3080)
+ seems impossible to be
identified with a D-wave charmed strange baryon.
PACS numbers: 13.30.Eg, 14.20.Lq, 12.39.Jh
I. INTRODUCTION
Baryons with one u or d, one strange and one charmed
quark are identified with Ξc [1, 2]. In recent years, more
and more highly excited charmed strange baryons have
been observed. Ξc(2980) and Ξc(3080) are first observed
by Belle [3], and then confirmed by BaBar [4]. Ξc(3055)
+
and Ξc(3123)
+ are also observed by BaBar [4], but only
Ξc(3055)
+ is confirmed by Belle [5].
Recently, three charmed strange baryons are reported
by Belle [6]. Ξc(3055)
0 is first observed in ΛD0 mode,
Ξc(3055)
+ and Ξc(3080)
+ are first observed in ΛD+
mode. The reported masses of Ξc(3055)
0, Ξc(3055)
+ and
Ξc(3080)
+ in Ref. [6] are as follows,
mΞc(3055)0 = 3059.0± 0.5(stat)± 0.6(sys) MeV,
mΞc(3055)+ = 3055.8± 0.4(stat)± 0.2(sys) MeV,
mΞc(3080)+ = 3079.6± 0.4(stat)± 0.1(sys) MeV.
The total decay widths obtained from ΛD modes are,
ΓΞc(3055)0 = 6.4± 2.1(stat)± 1.1(sys) MeV,
ΓΞc(3055)+ = 7.0± 1.2(stat)± 1.5(sys) MeV,
ΓΞc(3080)+ < 6.3 MeV.
∗Electronic address: zhangal@staff.shu.edu.cn
In particular, some ratios of branching fractions are
measured,
ΓΞc(3055)+→ΛD+
ΓΞc(3055)+→Σ++c K−
= 5.09± 1.01(stat)± 0.76(sys),
ΓΞc(3080)+→ΛD+
ΓΞc(3080)+→Σ++c K−
= 1.29± 0.30(stat)± 0.15(sys),
ΓΞc(3080)+→Σ∗++c K−
ΓΞc(3080)+→Σ++c K−
= 1.07± 0.27(stat)± 0.04(sys).
In experiments, JP quantum numbers have not yet
been measured for most of the observed charmed baryons
so far. How to identify the observed baryons is an impor-
tant topic in baryon spectroscopy. The spectroscopy of
charmed baryons has been studied in many models (see
literature [2] and references therein).
Hadronic decays of Ξc(3080)
+ have been studied in
a heavy hadron chiral perturbation theory [7], where
Ξc(3080)
+ is suggested a JP = 52
+
Ξc. Hadronic decays
of Ξc(3080)
+ and Ξc(3055) have both been studied in a
chiral quark model [8], in which Ξc(3080)
+ and Ξc(3055)
are suggested a JP = 12
+
and a JP = 32
+
Ξc, respec-
tively. Obviously, theoretical assignment of Ξc(3080)
+
is different. Furthermore, these theoretical predictions of
relevant ratios of branching fractions are in contradiction
with present experimental measurements [6].
3P0 model is a phenomenological method to study
the OZI-allowed hadronic decays of hadrons. In addi-
tion to mesons, it is employed successfully to explain the
2FIG. 1: Baryon decay process of A→ B+C in the 3P0 model.
hadronic decays of baryons [9–14, 16]. In this paper, we
will study the hadronic decays of Ξc(3080)
+ and Ξc(3055)
in the framework of 3P0 model.
The work is organized as follows. In Sec.II, we give a
brief review of the 3P0 model. We present our numerical
results in Sec.III. In the last section, we give our conclu-
sions and discussions.
II. BARYON DECAY IN THE 3P0 MODEL
3P0 model is also known as a Quark Pair Creation
(QPC) model. It was first proposed by Micu[15] and
developed by Yaouanc et al [16–18]. The model has been
subsequently employed and developed to study the OZI-
allowed hadronic decays of mesons and baryons by many
authors not cited here.
In the model, a pair of quark qq¯ is assumed to be cre-
ated from the vacuum with JPC = 0++, and then to
regroup with the quarks from the initial hadron A to
form two daughter hadrons B and C. For meson decays,
the created quark regroup with the antiquark of the ini-
tial meson, the created antiquark regroup with the quark
of the initial meson, and two mesons appear in the final
states. For baryon decays, one quark of the initial baryon
regroups with the created aitiquark to form a meson, and
the rest two quarks regroup with the created quark to
form a daughter baryon. The process of a baryon decay
is shown in Fig. 1.
In the 3P0 model, the hadronic decay width Γ of a
process A→ B + C is as follows [18],
Γ = π2
|~p|
m2A
1
2JA + 1
∑
MJAMJBMJC
|MMJAMJBMJC |2. (1)
In the equation, ~p is the momentum of the daughter
baryon in A’s center of mass frame,
|~p| =
√
[m2A − (mB −mC)2][m2A − (mB +mC)2]
2mA,
(2)
mA and JA are the mass and total angular momentum
of the initial baryon A, respectively. mB and mC are
the masses of the final hadrons. MMJAMJBMJC is the
helicity amplitude, which reads [14]
MMJAMJBMJC
= −2γ
√
8EAEBEC
∑
MρA
∑
MLA
∑
MρB
∑
MLB
∑
MS1 ,MS3 ,MS4 ,m
〈JlAMJlAS3MS3 |JAMJA〉〈LρAMLρALλAMLλA |LAMLA〉
〈LAMLAS12MS12 |J12MJ12〉〈S1MS1S2MS2|JlAMJlA 〉
〈JlBMJlBS3MS3 |JBMJB 〉〈LρBMLρBLλBMLλB |LBMLB〉
〈LBMLBS14MS14 |J14MJ14〉〈S1MS1S4MS4|JlBMJlB 〉
〈1m; 1−m|00〉〈S4MS4S5MS5 |1−m〉
〈LCMLCSCMSC |JCMJC 〉〈S2MS2S5MS5 |SCMSC〉
× 〈ϕ1,4,3B ϕ2,5C |ϕ1,2,3A ϕ4,50 〉 × I
MLA ,m
MLB ,MLC
(~p). (3)
In the equation above, 〈ϕ1,4,3B ϕ2,5C |ϕ1,2,3A ϕ4,50 〉 is the flavor
matrix,
〈ϕ1,4,3B ϕ2,5C |ϕ1,2,3A ϕ4,50 〉 (4)
= f · (−1)I12+IM+IA+I3
× [ 1
2
(2IM + 1)(2IB + 1)]
1/2
×
{
I12 IB I4
IM I3 IA
}
(5)
where f takes the value of (23 )
1/2 or −(13 )1/2 according
to the isospin 12 or 0 of the created quarks. IA, IB and
IM represent the isospins of the initial baryon, the final
baryon and the final meson. I12, I3, I4 are the isospins
of relevant quarks, respectively.
The space integral in Eq.(3) is a little complicated,
I
MLA ,m
MLB ,MLC
(~p) =
∫
d~p1d~p2d~p3d~p4d~p5
× δ3(~p1 + ~p2 + ~p3 − ~pA)δ3(~p4 + ~p5)
× δ3(~p1 + ~p4 + ~p3 − ~pB)δ3(~p2 + ~p5 − ~pC)
×Ψ∗B(~p1, ~p4, ~p3)Ψ∗C(~p2, ~p5)
×ΨA(~p1, ~p2, ~p3)y1m
(
~p4 − ~p5
2
)
. (6)
Simple harmonic oscillator (SHO) wave functions are
employed as the baryon wave functions[9, 11, 12]
ΨA(~pA) = NΨnρALρAMLρA
(~pρA)ΨnλALλAMLλA
(~pλA),
(7)
ΨB(~pB) = NΨnρBLρBMLρB
(~pρB )ΨnλBLλBMLλB
(~pλB ),
(8)
where N represents a normalization coefficient of the to-
tal wave function and
ΨnLML(~p) =
(−1)n(−i)L
β3/2
√
2n!
Γ(n+ L+ 32 )
( ~p
β
)L
exp(− ~p
2
2β2
)
× LL+1/2n
( ~p2
β2
)
YLML(Ωp). (9)
3TABLE I: Quantum numbers of initial baryons
Assignments J Jl Lρ Lλ L Sρ
Ξ
′
c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 2 2 1
Ξ
′
c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 2 2 1
Ξ
′
c3(
5
2
+
, 7
2
+
) 3
2
, 5
2
3 0 2 2 1
Ξc2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 2 2 0
Ξˆ
′
c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 2 0 2 1
Ξˆ
′
c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 2 0 2 1
Ξˆ
′
c3(
5
2
+
, 7
2
+
) 3
2
, 5
2
3 2 0 2 1
Ξˆc2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 2 0 2 0
Ξˇ
′0
c0(
1
2
+
) 1
2
0 1 1 0 0
Ξˇ
′1
c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 1 1 1 0
Ξˇ
′2
c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 1 1 2 0
Ξˇ 0c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 1 1 0 1
Ξˇ 1c0(
1
2
+
) 1
2
0 1 1 1 1
Ξˇ 1c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 1 1 1 1
Ξˇ 1c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 1 1 1 1
Ξˇ 2c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 1 1 2 1
Ξˇ 2c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 1 1 2 1
Ξˇ 2c3(
5
2
+
, 7
2
+
) 5
2
, 7
2
3 1 1 2 1
TABLE II: Quantum numbers of baryons in the final states
J Jl Lρ Lλ L Sρ
Ξ
0(+)
c
1
2
0 0 0 0 0
Ξ
′0(+)
c
1
2
1 0 0 0 1
Ξ
∗0(+)
c
3
2
1 0 0 0 1
Σ
0(+,++)
c
1
2
1 0 0 0 1
Σ
∗0(+,++)
c
3
2
1 0 0 0 1
Λ+c
1
2
0 0 0 0 0
Λ 1
2
0 0 0 0 0
L
L+1/2
n
(
~p2
β2
)
denotes the Laguerre polynomial function,
YLML(Ωp) is a spherical harmonic function. The rela-
tion between the solid harmonica polynomial yLM (~p) and
YLML(Ω~p) is yLM (~p) = |~p|LYLML(Ωp).
More details of baryon decays in the 3P0 model could
be found in Ref.[11, 14, 18]. The exact expressions of
SHO wave functions of relevant baryons and integrals in
momentum space are presented in Appendix A and B,
respectively.
III. NUMERICAL RESULTS
A. Notations of baryons and relevant parameters
In the following calculation, notations for the excited
baryons are the same as those in Ref. [14]. For the
hadronic decays of Ξc(3055) and Ξc(3080), the quantum
numbers of initial state baryons and final state baryons
are presented in Table I and Table II, respectively.
TABLE III: Masses of involved mesons and baryons in the
decays [1]
State mass (MeV) State mass (MeV)
pi± 139.570 Ξ+c 2286.46
pi0 134.977 Ξ0c 2467.93
K± 493.677 Ξ
′+
c 2575.70
K0 497.611 Ξ
′0
c 2577.90
D± 1869.61 Ξ∗+c 2645.90
D0 1864.84 Ξ∗0c 2645.90
Λ 1115.68
In these two tables, Lρ denotes the orbital angular mo-
mentum between the two light quarks, Lλ denotes the or-
bital angular momentum between the charm quark and
the two light quark system, L is the total orbital angular
momentum of Lρ and Lλ. Sρ denotes the total spin of
the two light quarks, Jl is total angular momentum of L
and Sρ. J is the total angular momentum of the baryons.
Ξc(3080) is suggested a D-wave baryon in Ref. [14].
Ξc(3055) is also suggested a D-wave baryon in Ref. [8],
where Ξc(3080) is suggested a radially excited 2S baryon.
In Ref. [19], both Ξc(3080) and Ξc(3055) are suggested
the D-wave baryons. Therefore, these two states are re-
garded as the D-wave baryons in our calculation. For
the complicated internal combinations, 34 possible as-
signments of the D-wave baryons are taken into account
in Table. I. The hat and the check are also used to denote
the assignments with Lρ = 2 and Lρ = 1, respectively.
The superscript L is adopted to denote the different total
angular momentum in Ξˇ LcJl .
Masses of relevant mesons and baryons involved in the
calculation are listed in Table III [1].
Parameters γ and β are taken as those in Refs. [14, 20].
γ = 13.4. β is chosen as 476 MeV for meson π and K,
and β is chosen as 435 MeV for D meson. For baryons, a
universal value β = 600 MeV is employed. The mass of
Ξc(3055)
0, Ξc(3055)
+ and Ξc(3080)
+ is taken as 3059.0
MeV, 3055.8 MeV and 3079.6 MeV, respectively.
B. Decays of Ξc(3055) and Ξc(3080)
In general, uu¯, dd¯ and ss¯ could be created from the
vacuum. However, there exists no experimental signal
for the decay mode with a ss¯ creation. Therefore, the
OZI-allowed channels are all assumed from the uu¯ and
dd¯ pairs creation in our study. Possible decay modes
and corresponding hadronic decay widths of Ξc(3055)
+,
Ξc(3055)
0, Ξc(3080)
+ as D-wave state baryons in differ-
ent assignments are computed and presented in Table IV,
Table V and Table VI, respectively. The vanish modes in
these three tables indicate forbidden channels or channels
with very small decay width. Some ratios of branching
fractions related to experiments are particularly given in
these tables.
4TABLE IV: Decay widths (MeV) of Ξc(3055)
+ in different assignments. B1 represents the ratio of branching fractions
Γ(Ξc(3055)
+
→ ΛD+)/Γ(Ξc(3055)
+
→ Σ++c K
−).
Assignment Ξ0cpi
+ Ξ
′0
c pi
+ Ξ∗0c pi
+ Ξ+c pi
0 Ξ
′+
c pi
0 Ξ∗+c pi
0 Σ+c K
0 Σ∗+c K
0 Λ+c K
0 Σ++c K
− Σ∗++c K
− ΛD+ B1
Ξ
′
c1(
1
2
+
) 13.0 2.5 0.8 13.2 2.6 0.8 1.5 0.2 16.0 1.5 0.2 7.0 4.69
Ξ
′
c1(
3
2
+
) 13.0 0.6 1.9 13.2 0.6 2.0 0.4 0.4 16.0 0.4 0.5 7.0 18.80
Ξ
′
c2(
3
2
+
) 0.0 5.7 0.7 0.0 5.8 0.7 3.3 0.2 0.0 3.4 0.2 0.0 0.00
Ξ
′
c2(
5
2
+
) 0.0 3.3× 10−2 4.2 0.0 0.0 4.3 0.0 0.9 0.0 5.1× 10−3 1.0 0.0 0.00
Ξ
′
c3(
5
2
+
) 0.3 3.8× 10−2 0.0 0.3 0.0 0.0 0.0 0.0 0.3 5.8× 10−3 0.0 1.9× 10−2 3.30
Ξ
′
c3(
7
2
+
) 0.3 2.2× 10−2 0.0 0.3 0.0 0.0 0.0 0.0 0.3 3.3× 10−3 0.0 1.9× 10−2 5.88
Ξc2(
3
2
+
) 0.0 3.8 0.5 0.0 3.9 0.5 2.2 0.1 0.0 2.2 0.1 0.0 0.00
Ξc2(
5
2
+
) 0.0 5.0× 10−2 2.8 0.0 0.1 2.8 0.0 0.6 0.0 7.6× 10−3 0.7 0.0 0.00
Ξˆ
′
c1(
1
2
+
) 115.1 22.5 7.0 116.8 22.9 7.0 13.0 1.6 141.8 13.4 1.7 62.6 4.68
Ξˆ
′
c1(
3
2
+
) 115.1 5.6 17.4 116.8 5.7 17.5 3.3 3.9 141.8 3.3 4.3 62.6 18.73
Ξˆ
′
c2(
3
2
+
) 0.0 50.6 6.4 0.0 51.6 6.5 29.3 1.4 0.0 30.1 1.6 0.0 0.00
Ξˆ
′
c2(
5
2
+
) 0.0 0.3 37.6 0.0 0.3 38.0 0.0 8.5 0.0 5.1× 10−2 9.3 0.0 0.00
Ξˆ
′
c3(
5
2
+
) 2.7 0.4 0.1 2.8 0.4 0.1 0.1 0.0 3.2 5.8× 10−2 0.0 0.2 3.39
Ξˆ
′
c3(
7
2
+
) 2.7 0.2 0.2 2.8 0.2 0.2 0.0 0.0 3.2 3.3× 10−2 0.0 0.2 5.91
Ξˆc2(
3
2
+
) 0.0 33.7 4.4 0.0 34.4 4.5 19.5 0.9 0.0 20.0 1.0 0.0 0.00
Ξˆc2(
5
2
+
) 0.0 0.5 25.1 0.0 0.5 25.4 0.1 5.6 0.0 7.6× 10−2 6.2 0.0 0.00
Ξˇ
′0
c0(
1
2
+
) 0.0 43.7 54.5 0.0 44.6 55.0 25.6 12.5 0.0 26.3 13.7 0.0 0.00
Ξˇ
′1
c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ
′1
c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ
′2
c2(
3
2
+
) 0.0 22.5 3.0 0.0 22.9 2.9 13.0 0.6 0.0 13.4 0.7 0.0 0.00
Ξˇ
′2
c2(
5
2
+
) 0.0 0.3 16.8 0.0 0.3 16.9 0.0 3.8 0.0 5.1× 10−2 4.1 0.0 0.00
Ξˇ 0c1(
1
2
+
) 73.3 58.3 18.2 74.4 59.4 18.3 34.2 4.2 90.4 35.1 4.6 49.5 1.41
Ξˇ 0c1(
3
2
+
) 73.3 14.6 45.4 74.4 14.9 45.9 8.5 10.4 90.4 8.8 11.4 49.5 5.64
Ξˇ 1c0(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c2(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c2(
5
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 2c1(
1
2
+
) 76.7 15.0 4.6 77.8 15.3 4.7 8.7 1.0 94.5 8.9 1.1 41.7 4.68
Ξˇ 2c1(
3
2
+
) 76.7 3.7 11.6 77.8 3.8 11.7 2.2 2.6 94.5 2.2 3.9 41.7 18.73
Ξˇ 2c2(
3
2
+
) 0.0 33.7 4.3 0.0 34.4 4.3 19.5 0.9 0.0 20.0 1.0 0.0 0.00
Ξˇ 2c2(
5
2
+
) 0.0 0.2 25.1 0.0 0.2 25.3 0.0 5.6 0.0 3.4× 10−2 6.2 0.0 0.00
Ξˇ 2c3(
5
2
+
) 1.8 0.3 1.0 1.9 0.3 0.1 0.0 0.0 2.1 3.9× 10−2 0.0 0.1 3.39
Ξˇ 2c3(
7
2
+
) 1.8 0.1 0.1 1.9 0.1 0.1 0.0 0.0 2.1 2.2× 10−2 0.0 0.1 6.04
Ξc(3055)
+ is observed in ΛD+ mode with the total
decay width ΓΞc(3055)+ = (7.0±1.2±1.5) MeV. Once the
observed ratio of branching fraction is taken into account,
the results in Table IV indicate that Ξc(3055)
+ is very
possibly a JP = 52
+
Ξˆ′c3(
5
2
+
) or Ξˇ2c3(
5
2
+
). In these two
assignments, Ξc(3055)
+ has the total decay width Γ =
10.1 MeV and Γ = 7.6 MeV, respectively. In addition,
theoretical prediction of the ratio reads
Γ(Ξc(3055)
+ → ΛD+)
Γ(Ξc(3055)+ → Σ++c K−)
= 3.39.
Ξc(3055)
+ is also very possibly a JP = 72
+
Ξˆ′c3(
7
2
+
)
or Ξˇ2c3(
7
2
+
). In these two assignments, Ξc(3055)
+ has
the total decay width Γ = 9.7 MeV and Γ = 6.3 MeV,
respectively. The predicted ratios read
Γ(Ξc(3055)
+ → ΛD+)
Γ(Ξc(3055)+ → Σ++c K−)
= 5.91 or 6.04.
Both the total decay width and the ratio of branching
fraction agree well with experimental data from Belle.
5TABLE V: Decay widths (MeV) of Ξc(3055)
0 in different assignments. B2 represents the ratio of branching fractions
Γ(Ξc(3055)
0
→ ΛD0)/Γ(Ξc(3055)
0
→ Σ+c K
−).
Assignment Ξ0cpi
0 Ξ
′0
c pi
0 Ξ∗0c pi
0 Ξ+c pi
− Ξ
′+
c pi
− Ξ∗+c pi
− Σ0cK
0 Σ∗0c K
0 Λ+c K
− Σ+c K
− Σ∗+c K
− ΛD0 B2
Ξ
′
c1(
1
2
+
) 13.2 2.6 0.8 13.3 2.6 0.8 1.5 0.2 16.4 1.6 0.2 8.0 5.08
Ξ
′
c1(
3
2
+
) 13.2 0.6 2.0 13.3 0.7 2.0 0.4 0.5 16.4 0.4 0.6 8.0 20.4
Ξ
′
c2(
3
2
+
) 0.0 5.8 0.7 0.0 5.9 0.7 3.4 0.2 0.0 3.6 0.2 0.0 0.00
Ξ
′
c2(
5
2
+
) 0.0 3.5 × 10−2 4.4 0.0 0.0 4.3 0.0 1.0 0.0 6.0× 10−3 0.2 2.8× 10−2 0.00
Ξ
′
c3(
5
2
+
) 0.3 4.0 × 10−2 0.0 0.3 0.0 0.0 0.0 0.0 0.4 7.0× 10−3 0.0 2.8× 10−2 4.00
Ξ
′
c3(
7
2
+
) 0.3 2.2 × 10−2 0.0 0.3 0.0 0.0 0.0 0.0 0.4 4.0× 10−3 0.0 0.0 7.00
Ξc2(
3
2
+
) 0.0 3.9 0.5 0.0 3.9 0.5 2.2 0.1 0.0 2.4 0.1 0.0 0.00
Ξc2(
5
2
+
) 0.0 5.3 × 10−2 2.9 0.0 0.1 2.9 0.0 0.7 0.0 9.0× 10−3 0.8 0.0 0.00
Ξˆ
′
c1(
1
2
+
) 117.0 23.1 7.2 117.9 23.2 7.1 13.4 1.7 145.1 14.2 2.0 71.7 5.07
Ξˆ
′
c1(
3
2
+
) 117.0 5.8 18.0 117.9 5.8 17.8 3.4 4.3 145.1 3.5 4.9 71.7 20.27
Ξˆ
′
c2(
3
2
+
) 0.0 51.9 6.7 0.0 52.3 6.6 30.2 1.5 0.0 31.8 1.8 0.0 0.00
Ξˆ
′
c2(
5
2
+
) 0.0 0.4 39.0 0.0 0.4 38.6 0.0 9.2 0.0 5.9× 10−2 10.7 0.0 0.00
Ξˆ
′
c3(
5
2
+
) 2.8 0.4 0.2 2.9 0.4 0.2 0.1 0.0 3.5 6.7× 10−2 0.0 0.3 4.24
Ξˆ
′
c3(
7
2
+
) 2.8 0.2 0.2 2.9 0.2 0.2 0.0 0.0 3.5 3.8× 10−2 0.0 0.3 7.47
Ξˆc2(
3
2
+
) 0.0 34.6 4.6 0.0 34.9 4.6 20.2 1.0 0.0 21.2 1.2 0.0 0.00
Ξˆc2(
5
2
+
) 0.0 0.5 26.1 0.0 0.5 25.8 0.1 6.1 0.0 8.8× 10−2 7.1 0.0 0.00
Ξˇ
′0
c0(
1
2
+
) 0.0 44.8 56.5 0.0 45.2 55.9 26.5 13.5 0.0 27.9 15.7 0.0 0.00
Ξˇ
′1
c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ
′1
c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ
′2
c2(
3
2
+
) 0.0 23.1 3.1 0.0 23.2 3.0 13.4 0.7 0.0 14.2 0.8 0.0 0.00
Ξˇ
′2
c2(
5
2
+
) 0.0 0.4 17.4 0.0 0.4 17.2 0.1 4.1 0.0 5.9× 10−2 4.8 0.0 0.00
Ξˇ 0c1(
1
2
+
) 74.5 59.8 18.8 75.1 60.2 18.6 35.3 4.5 92.4 37.2 5.2 56.7 1.53
Ξˇ 0c1(
3
2
+
) 74.5 14.9 47.1 75.1 15.1 46.6 8.8 11.2 92.4 9.3 13.1 56.7 6.10
Ξˇ 1c0(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c2(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 1c2(
5
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 –
Ξˇ 2c1(
1
2
+
) 77.9 15.4 4.8 78.6 15.5 4.8 9.0 1.1 96.7 9.4 1.3 47.8 5.07
Ξˇ 2c1(
3
2
+
) 77.9 3.8 12.0 78.6 3.9 11.9 2.2 2.8 96.7 2.4 3.3 47.8 20.27
Ξˇ 2c2(
3
2
+
) 0.0 34.6 4.5 0.0 34.9 4.4 20.2 1.0 0.0 21.2 1.2 0.0 0.00
Ξˇ 2c2(
5
2
+
) 0.0 0.2 26.0 0.0 0.2 25.7 0.0 6.1 0.0 3.9× 10−2 7.1 0.0 0.00
Ξˇ 2c3(
5
2
+
) 1.9 0.3 0.1 1.9 0.2 0.1 0.0 0.0 2.3 4.5× 10−2 0.0 0.2 4.20
Ξˇ 2c3(
7
2
+
) 1.9 0.2 0.1 1.9 0.2 0.1 0.2 0.0 2.3 2.5× 10−2 0.0 0.2 7.56
The decay modes Ξ0cπ
+, Ξ+c π
0 and Λ+c K
0 are the dom-
inant ones. Measurement of these modes in the future
can provide more information on this state.
Ξc(3055)
0 is observed in ΛD0 mode with the total
decay width ΓΞc(3055)0 = (6.4 ± 2.1 ± 1.1) MeV. Once
the quark component of Ξc(3055)
+ and Ξc(3055)
0 is
taken into account, the Ξc(3055)
0 is a isospin partner
of Ξc(3055)
+. The results in Table V indicate that
Ξc(3055)
0 is also very possibly a JP = 52
+
Ξˆ′c3(
5
2
+
) or
Ξˇ2c3(
5
2
+
). In these assignments, Ξc(3055)
0 has the total
decay width Γ = 10.9 MeV and Γ = 7.0 MeV, respec-
tively. The predicted ratios read
Γ(Ξc(3055)
0 → ΛD0)
Γ(Ξc(3055)0 → Σ+c K−)
= 4.24 or 4.20.
Ξc(3055)
0 is also very possibly a JP = 72
+
Ξˆ′c3(
7
2
+
) or
Ξˇ2c3(
7
2
+
). In these assignments, Ξc(3055)
0 has the total
decay width Γ = 10.3 MeV and Γ = 7.1 MeV, respec-
tively. The predicted ratios read
Γ(Ξc(3055)
0 → ΛD0)
Γ(Ξc(3055)0 → Σ+c K−)
= 7.47 or 7.56.
The total decay width agree also with experimental
data from Belle. As a isospin partner of Ξc(3055)
+, the
6TABLE VI: Decay widths (MeV) of Ξc(3080)
+ in different assignments. B3 and B4 represents the ratios of branching fraction
Γ(Ξc(3080)
+
→ ΛD+)/Γ(Ξc(3080)
+
→ Σ++c K
−) and Γ(Ξc(3080)
+
→ Σ∗++c K
−)/Γ(Ξc(3080)
+
→ Σ++c K
−) respectively.
Assignment Ξ0cpi
+ Ξ
′0
c pi
+ Ξ∗0c pi
+ Ξ+c pi
0 Ξ
′+
c pi
0 Ξ∗+c pi
0 Σ+c K
0 Σ∗+c K
0 Λ+c K
0 Σ++c K
− Σ∗++c K
− ΛD+ B3 B4
Ξ
′
c1(
1
2
+
) 14.3 2.9 0.9 14.5 3.0 0.9 2.0 0.4 17.7 2.0 0.4 10.2 5.07 0.18
Ξ
′
c1(
3
2
+
) 14.3 0.7 2.3 14.5 0.7 2.4 0.5 0.9 17.7 0.5 0.9 10.2 20.27 1.84
Ξ
′
c2(
3
2
+
) 0.0 6.6 0.9 0.0 6.7 0.9 4.4 0.3 0.0 3.4 0.3 0.0 0.00 0.07
Ξ
′
c2(
5
2
+
) 0.0 4.8× 10−2 5.1 0.0 0.1 5.1 0.0 1.9 0.0 1.1× 10−2 2.0 0.0 0.00 185.56
Ξ
′
c3(
5
2
+
) 0.4 5.4× 10−2 0.0 0.4 0.1 0.0 0.0 0.0 0.5 1.2× 10−2 1.3× 10−3 5.3× 10−2 4.31 0.10
Ξ
′
c3(
7
2
+
) 0.4 3.1× 10−2 0.0 0.4 0.0 0.0 0.0 0.0 0.5 6.0× 10−3 1.7× 10−3 5.3× 10−2 8.89 0.29
Ξc2(
3
2
+
) 0.0 4.4 0.6 0.0 4.5 0.6 3.0 0.2 0.0 3.0 0.2 0.0 0.00 0.07
Ξc2(
5
2
+
) 0.0 7.1× 10−2 3.4 0.0 0.1 3.4 0.0 1.3 0.0 1.6× 10−2 1.3 0.0 0.00 82.47
Ξˆ
′
c1(
1
2
+
) 123.4 25.9 8.4 128.1 26.4 8.4 17.6 3.1 156.6 17.9 3.3 90.6 5.05 0.19
Ξˆ
′
c1(
3
2
+
) 123.4 6.5 20.9 128.1 6.6 21.1 4.4 7.9 156.6 4.5 8.3 90.6 20.20 1.85
Ξˆ
′
c2(
3
2
+
) 0.0 58.4 7.8 0.0 59.4 7.9 39.6 2.8 0.0 40.4 3.0 0.0 0.00 0.07
Ξˆ
′
c2(
5
2
+
) 0.0 0.5 45.4 0.0 0.5 45.8 0.1 17.0 0.0 1.0 18.0 0.0 0.00 168.00
Ξˆ
′
c3(
5
2
+
) 3.6 0.5 0.2 3.7 0.6 0.2 0.1 0.0 4.5 1.2 1.3× 10−2 0.5 4.41 0.10
Ξˆ
′
c3(
7
2
+
) 3.6 0.3 0.3 3.7 0.3 0.3 0.1 0.0 4.5 6.9× 10−2 1.7× 10−2 0.5 7.81 0.25
Ξˆc2(
3
2
+
) 0.0 38.9 5.5 0.0 39.6 5.5 26.4 1.9 0.0 26.9 2.0 0.0 0.00 0.08
Ξˆc2(
5
2
+
) 0.0 0.7 30.4 0.0 0.7 30.6 0.2 11.3 0.0 0.2 12.0 0.0 0.00 74.94
Ξˇ
′0
c0(
1
2
+
) 0.0 50.2 65.5 0.0 51.1 66.1 34.5 25.0 0.0 35.2 26.4 0.0 0.00 0.75
Ξˇ
′1
c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ
′1
c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ
′2
c2(
3
2
+
) 0.0 25.9 3.6 0.0 26.4 3.7 17.6 1.3 0.0 17.9 1.3 0.0 0.00 0.08
Ξˇ
′2
c2(
5
2
+
) 0.0 0.5 20.2 0.0 0.5 20.4 0.1 7.6 0.0 0.1 8.0 0.0 0.00 74.7
Ξˇ 0c1(
1
2
+
) 80.2 67.0 21.8 81.2 68.1 22.0 46.1 8.3 99.3 47.0 8.8 71.6 1.52 0.19
Ξˇ 0c1(
3
2
+
) 80.2 16.7 54.6 81.2 17.0 55.0 11.5 20.8 99.3 11.7 22.0 71.6 6.09 1.87
Ξˇ 1c0(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ 1c1(
1
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ 1c1(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ 1c2(
3
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ 1c2(
5
2
+
) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – –
Ξˇ 2c1(
1
2
+
) 84.3 17.3 5.6 85.4 17.6 5.6 11.7 2.1 104.4 12.0 2.2 60.4 5.05 0.19
Ξˇ 2c1(
3
2
+
) 84.3 4.3 14.0 85.4 4.4 14.1 2.9 5.2 104.4 3.0 5.5 60.4 20.19 1.85
Ξˇ 2c2(
3
2
+
) 0.0 38.9 5.2 0.0 39.6 5.3 26.4 1.9 0.0 26.9 2.0 0.0 0.00 0.07
Ξˇ 2c2(
5
2
+
) 0.0 0.3 30.2 0.0 0.3 30.5 0.1 11.3 0.0 7.2× 10−2 12.0 0.0 0.00 167.6
Ξˇ 2c3(
5
2
+
) 2.4 0.4 0.1 2.5 0.4 0.2 0.1 0.0 3.0 8.2× 10−2 8.5× 10−3 0.4 4.39 0.10
Ξˇ 2c3(
7
2
+
) 2.4 0.2 0.2 2.5 0.2 0.2 0.0 0.0 3.0 4.6× 10−2 1.2× 10−2 0.4 7.82 0.25
above predicted ratios of Ξc(3055)
0 are reasonable.
Ξc(3080)
+ is observed in ΛD+ mode with the total
decay width ΓΞc(3080)+ < 6.3 MeV. Together with the
observed ratios of branching fractions from Belle, our re-
sults in Table VI implies that it is impossible to identify
Ξc(3080)
+ with a D-wave charmed strange baryon.
IV. CONCLUSIONS AND DISCUSSIONS
In this work, the hadronic decays of Ξc baryons are
studied in a 3P0 model. We calculate the decay widths
and some ratios of branching fractions of Ξc(3055)
0,
Ξc(3055)
+, Ξc(3080)
+ related to recent Belle experiment.
In comparison with experiments, we make an identifica-
tion of these Ξc baryons. Our theoretical predictions are
consistent with experiments.
Ξc(3055)
+ is observed in ΛD+ mode with the total
decay width of (7.0±1.2±1.5) MeV. Our study indicates
that Ξc(3055)
+ is very possibly a JP = 52
+
Ξˆ′c3(
5
2
+
) or
Ξˇ2c3(
5
2
+
). In these two assignments, Ξc(3055)
+ has the
total decay width Γ = 10.1 MeV and Γ = 7.6 MeV,
respectively. In addition, we obtain the ratio of branching
fraction Γ(Ξc(3055)
+
→ΛD+)
Γ(Ξc(3055)+→Σ
++
c K−)
= 3.39.
Ξc(3055)
+ is also very possibly a JP = 72
+
Ξˆ′c3(
7
2
+
) or
Ξˇ2c3(
7
2
+
). In these two assignments, we obtain the total
7decay width Γ = 9.7 MeV and Γ = 6.3 MeV, respectively.
The ratios of branching fraction Γ(Ξc(3055)
+
→ΛD+)
Γ(Ξc(3055)+→Σ
++
c K−)
=
5.91 or 6.04 are also obtained.
These theoretical predictions in the 3P0 model agree
well with Belle experiments. As the dominant hadronic
decay modes of Ξc(3055)
+, measurement of the modes
Ξ0cπ
+, Ξ+c π
0 and Λ+c K
0 in the future can provide more
information on this state.
As a isospin partner of Ξc(3055)
+, Ξc(3055)
0 is
observed in ΛD0 mode with the total decay width
ΓΞc(3055)0 = (6.4 ± 2.1 ± 1.1) MeV. Our study indicates
that Ξc(3055)
0 is very possibly a JP = 52
+
Ξˆ′c3(
5
2
+
) or
Ξˇ2c3(
5
2
+
). In these assignments, Ξc(3055)
0 has the to-
tal decay width Γ = 10.9 MeV and Γ = 7.0 MeV, re-
spectively. We predicted the ratios Γ(Ξc(3055)
0
→ΛD0)
Γ(Ξc(3055)0→Σ
+
c K−)
=
4.24 or 4.20.
Ξc(3055)
0 is also very possibly a JP = 72
+
Ξˆ′c3(
7
2
+
) or
Ξˇ2c3(
7
2
+
). In these assignments, Ξc(3055)
0 has the total
decay width Γ = 10.3 MeV and Γ = 7.1 MeV, respec-
tively. The predicted ratios read Γ(Ξc(3055)
0
→ΛD0)
Γ(Ξc(3055)0→Σ
+
c K−)
=
7.47 or 7.56.
Ξc(3080)
+ is observed in ΛD+ mode with the total
decay width ΓΞc(3080)+ < 6.3 MeV. Once theoretical pre-
dictions of the total decay width and ratios of branching
fractions are compared with the experimental data, our
study implies that it is impossible to identify Ξc(3080)
+
with a D-wave charmed strange baryon.
3P0 model is a phenomenological model to study OZI-
allowed hadronic decays of hadron. As well known,
there are always uncertainties in normal phenomenolog-
ical method. As a crosscheck, it is necessary to study
the hadronic decay of Ξc in much more other models. Of
course, further experimental measurement of some modes
and their ratios of branching fraction of these states is re-
quired.
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Appendix A: Relevant simple harmonic oscillator
wave functions
For the S-wave charmed strange baryon, the total wave
function is
Ψ0,0,0;0,0,0(~pρ, ~pλ) = −33/4 · e
−
~p2ρ
2β2ρ
−
~p2
λ
2β2
λ
π3/2β
3/2
ρ β
3/2
λ
. (A1)
For the D-wave charmed strange baryon, the total wave
functions are
Ψ0,0,0;0,2,mλ(~pρ, ~pλ) = −33/4 ·
4e
−
~p2ρ
2β2ρ
−
~p2
λ
2β2
λ y2,mλ(~pλ)√
15πβ
3/2
ρ β
7/2
λ
,
(A2)
Ψ0,2,mρ;0,0,0(~pρ, ~pλ) = −33/4 ·
4e
−
~p2ρ
2β2ρ
−
~p2
λ
2β2
λ y2,mρ(~pρ)√
15πβ
7/2
ρ β
3/2
λ
,
(A3)
Ψ0,1,mρ;0,1,mλ(~pρ, ~pλ) =
− 33/4 · 8e
−
~p2ρ
2β2ρ
−
~p2
λ
2β2
λ y1,mρ(~pρ)y1,mλ(~pλ)
3
√
πβ
5/2
ρ β
5/2
λ
. (A4)
The yl,ml(~p) is the solid harmonic polynomial.
The meson wave function in our calculation is
Ψ0,0,0(~pC) =
e−
R2(~p22−~p
2
5)
2
8
π3/4
. (A5)
Here ~pρ =
√
1
2 (~p1 − ~p2) , ~pρ =
√
1
6 (~p1 + ~p2 − 2~p3) is
obtained in the relative Jacobi coordinates. ~pC =
~p2−~p5
2 ,
R = 1βc .
Appendix B: Momentum space integrations
The momentum integration I
MLA ,m
MLB ,MLC
(~p) can be ex-
pressed as I
lρA ,MρA ,lλA ,MλA ,m
MLB ,MLC
for the helicity amplitude.
8I
0,0,0,0,0
0,0 =
18pR3/2
(
16 +R2β2λ + 3R
2β2ρ
)
π5/4
(
12 +R2β2λ + 3R
2β2ρ
)
5/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) . (B1)
I
0,0,2,0,0
0,0 =
9
√
3pR3/2
(
4 +R2β2λ +R
2β2ρ
)
2π5/4β2λ
(
12 +R2β2λ + 3R
2β2ρ
)
9/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) ×
[
R2
(−16 + p2R2)β4λ + 4β2λ (−48 + 5p2R2 +R2 (−12 + p2R2)β2ρ)+ p2 (64 + 28R2β2ρ + 3R4β4ρ)] . (B2)
I
0,0,2,1,−1
0,0 = I
0,0,2,−1,1
0,0 =
108pR3/2
(
4 +R2β2λ +R
2β2ρ
)
π5/4
(
12 +R2β2λ + 3R
2β2ρ
)
7/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) . (B3)
I
2,0,0,0,0
0,0 =
3
√
3EpR3/2 (12 +R2β2λ + 5R2β2ρ)
2π5/4β2ρ
(
12 +R2β2λ + 3R
2β2ρ
)
9/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) ×
[
192p2 + p2R4β4λ + 4
(−144 + 29p2R2)β2ρ + 3R2 (−48 + 5p2R2)β4ρ + 4R2β2λ (7p2 + 2 (−6 + p2R2)β2ρ)] . (B4)
I
2,1,0,0,−1
0,0 = I
2,−1,0,0,1
0,0 =
108pR3/2
(
12 +R2β2λ + 5R
2β2ρ
)
π5/4
(
12 +R2β2λ + 3R
2β2ρ
)
7/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) . (B5)
I
2,0,0,0,0
0,0 = −
9
√
3pR3/2
2π5/4βλβρ
(
12 +R2β2λ + 3R
2β2ρ
)
9/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) ×
[β6λ
(
8R4 − p2R6 + 4R6β2ρ
)
+ β4λ
(−32R2 (−6 + p2R2)+ (200R4 − 9p2R6)β2ρ + 24R6β4ρ)−(
4 +R2β2ρ
) (
192p2 + 4
(−72 + 29p2R2)β2ρ + 3R2 (−24 + 5p2R2)β4ρ)+
β2λ
(
1152− 304p2R2 + (1920R2 − 176p2R4)β2ρ − 23R4 (−24 + p2R2)β4ρ + 36R6β6ρ)]. (B6)
I
1,1,1,−1,0
0,0 = I
1,−1,1,1,0
0,0 =
18
√
3pR7/2βλβρ
(
16 + R2β2λ + 3R
2β2ρ
)
π5/4
(
12 +R2β2λ + 3R
2β2ρ
)
7/2
e
−
p2(3R2β4λ+3β2ρ(4+R2β2ρ)+2β2λ(18+7R2β2ρ))
24β2
λ
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)
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(
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24β2
λ
β2ρ(12+R2β2λ+3R2β2ρ) . (B8)
I
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0,0 = I
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0,0 =
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(
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)
π5/4
(
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)
7/2
e
−
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λ
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